Abstract Botulinum toxin (BTX) is a potent neurotoxin produced by Clostridium botulinum and has wide usage in different areas. The current study aimed to analyze the effects of C. botulinum toxin on the central nerve system in chick embryos. Forty fertile Hubbard Broil eggs, all at Stage 8 of development, were divided into four equal groups: Group 1 embryos (n=10), the control group, were explanted and grown for 18 h in a nutrient medium (thin albumin). Group 2 embryos (n=10) were grown in medium containing 5 U BTX, Group 3 embryos (n=10) in a medium containing 10 U BTX and Group 4 embryos (n=10) in medium containing 20 U BTX. After the incubation period, 80% of Group 1 and 2 embryos and 90% of Group 3 and 4 embryos had intact neural tubes (P>0.05). The results of this study suggest that BTX had no additional effect on neural tube development in early chick embryos.
histopathological examination of the effects of BTX on neural tube development defects in chick embryos by light microscopy.
Materials and methods
In this study forty fertile Hubbard Broil eggs were incubated at 37.5°C until the embryos reached Stage 8 of development [8] . The mean egg weight was 65 g. The eggs were then divided into four equal groups, and the embryos were explanted using New's technique [10] . The embryos in Group 1 (n=10) were grown for 18 h in a BTX-free medium (thin albumin); Group 2 embryos (n=10) in a medium containing 5 U BTX; Group 3 embryos (n=10), in a medium containing 10 U BTX; and the embryos in Group 4 (n=10) in a medium containing 20 U BTX. The BTX solution (100 U) was prepared by diluting with 2 cc saline and 0.1 cc of the solution contained 5 U BTX. After the incubation period, the chicks' neural tube development was examined under a light microscope. The embryos were assigned to one of the following three categories based on gross morphology: (1) no development; (2) abnormal development; or (3) normal development.
Embryos were embedded in paraffin, serially sectioned at 7 lm, stained with Delafield's hematoxylin and eosin, and examined under light microscopy.
Results
Incubation allowed all of the embryos to advance to Stage 8 of development. At the time of explantation, each embryo had four somite pairs, and the neural folds in the future midbrain and a portion of the hindbrain had already made contact. After the incubation period, the chicks' neural tube development was examined under a light microscope.
After a further 18 h of postexplantation incubation, eight embryos each (80%) in Groups 1 and 2; and nine embryos each (90%) in Groups 3 and 4 exhibited characteristics of Stage 12 development. Some of the features defining this stage are: head turning to left side; anterior neuropore closed; telencephalon identifiable; primary optic vesicles and optic stalk well established; auditory pit deep but wide open; heart slightly S-shaped; and headfold amnion covering the entire region. The neural tube was closed in these embryos (Figs. 1, 2) . The two remaining embryos each from Groups 1 and 2, and one each from Groups 3 and 4 showed NTDs. The defects were such that the neural folds showed no signs of contact through the neuroepithelium. In these embryos, microcephaly, neural tube closure defect, and significant developmental retardation were noticed.
Statistically, these results were analyzed using the v 2 test. When the incidents of neural tube development defects were compared, there was no statistically significant difference among the four groups (P>0.05).
Discussion
In the present study, we took the early chick embryo as a model that corresponds to the first month of embryonal development in mammals and is well suited to the investigation of the effects of chemicals on the development of embryos. In this model we showed that BTX had no extra effect on chick embryo for causing NTDs. Birth defects are the leading cause of death in babies under 1 year of age. NTDs, with a birth incidence of approximately 1/1,000 in American Caucasians, are the second most common type of birth defect after congenital heart defects. The most common presentations of NTDs are spina bifida and anencephaly. The etiologies of NTDs are complex, with both genetic and environmental factors implicated [5] .
Clostridium botulinum was first discovered in the late 1800s as a key agent involved in food poisoning [2] . Its exotoxin was soon hailed as one of the most toxic naturally occurring substances, with lethal doses at around 10 )9 g/kg 5 . To date, there have been eight serotypes identified (A, B, C alpha, C beta, D, E, F, and G), producing seven exotoxins. These serotypes, although structurally and functionally similar, vary in biosynthesis, size, dose requirement, and mechanism of action. Types A, B, and F are the types that have been studied the most. Botulinus toxin type A was the first type to be purified. It is the strongest of the known serotypes and the one traditionally used in cosmetic dermatology on humans, by localized injections only, to maximize efficacy and minimize potential side effects. The purified Botox complex is a sterile, vacuum-dried form of the type A toxin that requires normal saline to reach solution. One unit is defined as the amount of the Botox complex that is lethal in 50% of female Swiss-Webster mice [2] . The different serotypes require different concentrations to reach their effects, which typically is obtained with doses much lower than toxic, administered through local drug delivery. This neurotoxin blocks neuromuscular conduction by binding and entering the presynaptic nerve termini and interfering with exocytosis of the acetylcholine, thus inhibiting its release and muscular contraction [9] .
The esthetic applications of BTX are well known to medical and nonmedical communities. This nonsurgical rejuvenation modality continues to be high demand in part because of the immediacy of its effects, its high safety profile, and no downtime in the recovery period [12] .
In an animal study, when pregnant mice and rats were injected with BTX intramuscularly during the period of organogenesis, the maximum safe dosage was 4 U/kg. Higher doses (8 or 16 U/kg) were associated with reductions in fetal body weights and/or delayed ossification which may be reversible [4] .
In a range finding study in rabbits, daily injection of 0.125 U/kg/day (days 6-18 of gestation) and 2 U/kg/day (days 6 and 13 of gestation) produced severe maternal toxicity, abortions and/or fetal malformations. Higher doses resulted in death of the dams. The rabbits appeared to be a very sensitive species to BTX [4] .
Our study showed that exposure to increasing dosage of BTX had no extra effect on the incidence of NTDs in explanted early chick embryos. However, animal reproductive studies are not always predictive of human response, so BTX should be administered during pregnancy only if the potential benefit justifies the potential risk to the fetus. There is a dearth of well-controlled studies of the effects of BTX in pregnant women. Therefore, if this drug is used during pregnancy, or if the patient becomes pregnant while taking this drug, the patient should be apprised of the potential risks, including abortion or fetal malformations which have been observed in animal studies.
In conclusion, although our studies did not indicate any additional side-effect of BTX on NTD in chick embryo, latent risks on fetal development exists and should be considered before using the drug. 
